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Lipid-rich Carotid Artery Plaques Appear Echolucent on Ultrasound 
B-mode Images and may be Associated with Intraplaque Haemorrhage • 
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Objective: To relate the histological composition of carotid artery plaques with morphology as evaluated by B-mode 
ultrasound. 
Design: Prospective study. 
Material and Methods: Seventy-eight symptomatic patients underwent carotid endarterectomy after preoperative 
ultrasound Duplex scanning evaluating plaque morphology. Morphometric analysis of the removed specimen was 
performed in order to quantify content of lipid, haemorrhage, calcifi'cation and fi'brous tissue. 
Results: Echolucent plaques contained more lipid (p = 0.0I) and less calcifi'cation (p = 0.01) and fibrous tissue (p = 0.03) 
than echo-rich plaques. Intraplaque haemorrhage was directly related to lipid content (p = 0.004) and inversely related to 
amount of fi'brous tissue in the plaque (p =0.02). 
Conclusion: The intensity of the reflected B-mode ultrasound signal appears related to the histological composition of 
the plaque. The association between intraplaque haemorrhage and a high lipid content may support the theory of the 
lipid-rich plaque being more prone to rupture. 
Carotid plaque morphology; B-mode ultrasound; Histological examination. 
Introduction 
The ECST 1 and NASCET 2 trials have shown the benefit 
of carotid endarterectomy in symptomatic patients 
with high grade stenosis. Recently, asymptomatic 
patients with carotid lesions have also been subjected 
to carotid endarterectomy with a favourable outcome. 3 
The main risk determinator in these studies was the 
degree of stenosis. Other investigators have focused 
on plaque morphology, as evaluated by B-mode ultra- 
sound, and found that echolucent and heterogeneous 
plaques carried a higher risk of developing neuro- 
logical symptoms than echo-rich and homogeneous 
plaques. 4-8 Also, echolucent plaques have been shown 
to be associated with more brain infarcts on computed 
tomography (CT) scan as compared to echo-rich 
plaques. 9 Recently we directed a multicentre study 
comparing the ultrasonic findings to histological com- 
position and found echolucent plaques to contain more 
* This paper was presented at the 10th International Symposium 
on Cerebral Hemodynamics, Munich, Germany, 29 August-1 Sep- 
tember 1996. 
t Address correspondence to: M.-L. M. Gronholdt, Dept. of Vasc. 
Surg., RK 3112, Rigshospitalet, Blegdamsvej 9, DK-2100 Copenhagen 
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soft tissue (lipid and haemorrhage) than did echo-rich 
plaques. 1°In addition, a higher content of soft tissue 
was found in the plaques from patients with recent 
neurological symptoms. However, among the nine 
centres from six countries participating in a re- 
producibility study, distinct variability was en- 
countered. The purpose of this study was to compare 
ultrasonic plaque morphology, risk factors and plasma 
lipids to detailed histomorphometrical analysis of re- 
moved carotid specimens in a consecutive, single- 
centre trial. 
Material and Methods 
The study group consists of 78 consecutive patients 
(56 men and 22 women) with a median age of 62 years 
(range 44-79) undergoing carotid endarterectomy from 
September 1994 to March 1996. One patient was op- 
erated on in both carotid arteries (n = 79). Neurological 
symptoms were noted: date, type, number of attacks 
and residual deficits. The following risk factors were 
also recorded: smoking habits, hypertension (elevated 
blood pressure requiring medication), diabetes mel- 
litus, body mass index and cardiac disease, defined 
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as having angina pectoris, cardiac failure or former 
myocardial infarction. Finally, the family history (first 
degree relatives who experienced myocardial in- 
farction or stroke before the age of 60 years) and 
plasma lipid profile were investigated: high-density 
lipoprotein (HDL), low-density lipoprotein (LDL) and 
total cholesterol in 63 cases; in the fasting (n--42) or 
non-fasting (n=21) state. Plasma lipoprotein levels 
were not measured in 15 cases; in 11 cases because 
patients were on lipid-lowering medication. The study 
was approved by the medical ethics committee for 
Copenhagen and Frederiksberg communities KF 01- 
375/94. All patients gave informed consent. 
Ultrasound examination 
All patients were examined by a single experienced 
investigator (M.-L.M.G.) with an Interspec RX 400 
ultrasound uplex-scanner using a 5-10MHz linear 
array transducer in median 4 days (range 0-30) prior 
to surgery. The degree of stenosis was assessed using 
generally accepted Doppler criteria. ~1 The morphology 
of the plaque was evaluated "on-line" from the B- 
mode image as previously described. 1° 
Echogenicity was evaluated on a three-level scale 
as: echo-rich, intermediate or echolucent (Fig. 1). The 
plaque was judged as being of homogeneous or hetero- 
geneous tructure. The surface was described as either: 
regular, irregular or not possible to evaluate. 
Histological examination 
During endarterectomy the plaque was removed in 
one piece and cut open in the vertical direction along 
the line of the arteriotomy. The part of the plaque 
extending into the external carotid artery was marked 
intraoperatively and excised before the remaining 
specimen was cut transversely into blocks for every 
3 mm. After fixing in formalin and subsequent em- 
bedding into paraffin, 4 gm thick sections were cut 
from the individually labelled blocks and stained with 
haematoxylin and eosin, Van Gieson's tain for con- 
nective tissue and Verhoff's tain for elastin. The mor- 
phometric measurements were performed by a single 
experienced pathologist (BW), using a Leitz Texture 
Analyzing System (TAS®). Leitz Texture Analyzing 
System is a semi-automatic image analysing system. 
The histological features are transferred through a 
microscope and a videocamera to a screen where the 
features are digitised. Areas of interest are outlined 
on the screen by a lightpen, and the areas are auto- 
matically measured in pixels. If the magnification fac- 
tor is known, the true area in mm 2 can be calculated. 
On each section the constituents of interest are meas- 
ured, and the result from each section is printed. A 
sum function adds the values from each section, and 
the total estimate for the entire plaque is automatically 
calculated. The following constituents were outlined: 
lipid, calcification (Fig. 2d), thrombus, haemorrhage 
(Fig. 2c) and fibrous tissue (Fig. 2b). Lipid in the plaque 
included foam-cell rich areas, cholesterol clefts and 
necrotic ores, where the last constituent is defined as 
loosely aggregated necrotic debris containing lipid but 
without viable nuclei or admixed collagen bundles. 
Haemorrhage was defined as pools of erythrocytes in 
a well-defined area. The areas of each constituent were 
computed from the number of pixels covering the 
structure, and the volume calculated as V = EAt. (2 = 
the sum of the area A of the individual constituents in 
all blocks, t = the mean distance between each section 
(distance between the first and last blocks divided by 
the number of blocks examined.)) 
Reproducibility 
The same pathologist re-examined 10randomly chosen 
plaques 6 months-l.5 years later, blinded to the first 
examination. 
Statistical Analysis 
Ultrasound features, histomorphometric esults and 
risk factors of atherosclerosis were related to non- 
parametric analysis, the Mann-Whitney Rank sum 
test, Chi-squared test and Kruskal Wallis test. Cor- 
relation was tested by means of the Spearmans co- 
efficient of rank correlation using the software package 
Statistica. 12 Reproducibility was assessed by the 
method of Bland and Altman in which the difference 
between comparable measurements was plotted 
against he mean of the same measurements. 13 When 
testing the a priori hypothesis a p value <0.05 was 
considered significant. 
Results 
The degree of internal carotid artery stenosis was 
between 50 and 79% in 26 (33%) cases, whereas the 
remaining 53 (67%) had stenosis from 80 to 99%. 
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Fig. 1. An echolucent plaque: a) Ultrasound B-mode image of the plaque, indicated by arrows. Distance between dots on right-hand sc le 
is 2 mm. CCA, common carotid artery. ICA, internal carotid artery, b) Photog aph of the sliced plaque after removal by endarterectomy. 
The atheromatous regions indicated by rrows are associated with a high lipid/haernorrhage content. 
None of the risk factors was significantly related to 
plaque echogenicity (Table 1). 
Disregarding the data concerning plasma lipids 
sampled from the 21 non-fasting subjects did not 
alter this picture. Comparison of risk factors to the 
histomorphometric esults revealed a similar lack of 
correlation. Gender neither influenced sympto- 
matology, plaque echogenicity, structure, surface nor 
histological measurements. Usage of anticoagulants 
such as aspirin or warfarin was unrelated to plaque 
composition and degree of stenosis. 
The echogenicity of the plaque was inversely related 
to lipid content (p = 0.01) and directly related to cal- 
cification (p = 0.01) and fibrous tissue (p = 0.03); (Table 
2). More calcification was found in heterogeneous v . 
homogeneous plaques (p = 0.0001) and in plaques with 
irregular vs. regular surface (p =0.006). On the other 
hand, plaque structure and surface were not related 
to histological content of lipid or to clinical pre- 
sentation. It was impossible to evaluate the surface of 
15 plaques from the ultrasound images, either due to 
acoustical shadowing or echolucency of the plaques. 
No thrombus was found in this study. 
The amount of intraplaque haemorrhage was sig- 
nificantly correlated to the content of lipid (Spearmans 
R=0.43 and p<0.001) and inversely correlated to fib- 
rous tissue in the plaque (R = -0.45; p = 0.001; Fig. 3). 
In 24 plaques without haemorrhage the median content 
of lipid was 30% as compared to 42% in the 55 plaques 
in which haemorrhage was present (p < 0.005). Neither 
haemorrhage, lipid nor echogenicity of the plaque was 
associated with the degree of stenosis or with the time- 
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Fig. 2. a) Atheroslerotic carotid artery plaque, H&E, ( x 12). b) atheromatous material ("gruel') encapsulated by fibrous tissue, H&E, 
( x 76). c) old (right) and recent haemorrhage (left), H&E, ( x 76). d) calcification i  plaque, H&E, ( x 76). 
interval from last neurological event to surgery. The 
amount of calcification was higher in patients with 
distant neurological symptoms, defined as more than 
3 months ago, as compared to patients with more 
recent symptoms (p = 0.03). 
The reproducibility study, based on 10 randomly 
chosen plaques, revealed that haemorrhage in the 
plaque proved to have relatively the largest variation 
(x ±S.D.; 0,5% +0.3%), which is shown in Fig. 4 in a 
Bland and Altman ptot. 13 In comparison with haem- 
orrhage, lipid in the plaque had a variation on x + S.D. 
of 56% ± 3%. No systematic variation existed between 
the two measurements. 
Discussion 
Few studies have related carotid plaque char- 
acterisation from B-mode ultrasound images to quan- 
titative histological analysis. One of the main findings 
in this study was the relationship of plaque echo- 
genicity to the histological findings of lipid, cal- 
cification and fibrous tissue in the plaque (Table 2). 
This corroborates the main findings of our previous 
multicentre study, 1° and is in accordance with the 
study of Feeley et al., 14 who graded 52 cases using the 
Gray-Weale classification ~sand found that echolucent 
lesions contained more soft tissue and less fibrosis 
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Table 1. Plaque echogenicity related to risk factors. 
All Echo-rich Intermediate Echolucent p value 
(n = 79) (n = 30) (n = 24) (n = 25) 
Age (years) 62 (44-79) 63 (49-79) 62 (49-73) 61 (44-75) N.S. 
BMI (kg/m 2) 26 (18-35) 27 (20-35) 26 (21-34) 25 (18-32) N.S. 
Cholesterolto~ (mmol/1) 6.7 (3.5-10.1) 6.8 (4.7-8.1) 6.2 (3.5-10.1) 6.8 (4.6-9.4) N.S. 
HDL (mmol/1) 1.3 (0.8-2.7) 1.4 (0.8-2.7) 1.2 (0.8-2.3) 1.3 (0.8-2.1) N.S. 
LDL (mmol/l) 4.5 (2.1-7.1) 4.4 (2.4-6.4) 4.6 (2.1-7.1) 4.7 (2.1-6.4) N.S. 
Triglyceridetot (mmol/1) 1.9 (0.7-6.2) 1.7 (0.7-5.5) 1.7 (0.7-4.4) 2.0 (1.0-6.2) N.S. 
Females (%) 28 45 27 27 N.S. 
Non smoker (%) 27 33 21 24 N.S. 
Past smoker (%) 27 27 21 32 N.S. 
Current smoker (%) 47 40 58 44 N.S. 
Hypertension (%) 46 40 38 60 N.S. 
Diabetes (%) 9 7 13 7 N.S. 
Amaurosis fugax (%) 17 17 13 21 N.S. 
TIA (%) 50 45 57 50 N.S. 
Stroke (%) 33 38 30 29 N.S. 
Positive family hist. (%) 37 37 38 36 N.S. 
Cardiac disease (%) 22 20 25 20 N.S. 
Aspirin (%) 46 43 63 36 N.S. 
Warfarin (%) 39 47 29 40 N.S. 
Values for age, BMI (body mass index) and plasma lipids are medians and ranges. MI, myocardial infarction more than 
3 months ago. Overall effect of echogenicity was determined by Kruskal-Wallis analysis of variance (ANOVA) for age, 
BMI and plasma lipids, and by the Chi-squared test (142) for all other values. N.S. =not significant (p value >0.05). 
Table 2. Relative content of lipid, haemorrhage, calcification and fibrous tissue in plaques compared to 
echogenicity, structure and surface on the B-mode image (median values and ranges). 
n % Lipid % Haemorrhage % Calcification % Fibrous tissue 
Echo-rich 30 33 (5-52) 0.2 (0-2) 1.4 (0-7) 66 (6-95) 
Intermediate 24 37 (14-56) 0.2 (0-4) 0,9 (0-10) 60 (43-86) 
Echolucent 25 47 (8-69) 0.2 (0-2) 0.5 (0-4) 51 (31-92) 
ANOVA p = 0.01 p = 0.57 p ;  0.01 p = 0.03 
Homogeneous 29 39 (5-67) 0.2 (0-2) 0.4 (0-5) 56 (3-95) 
Heterogeneous 49 37 (5-55) 0.3 (0-3) 1.3 (0-10) 57 (6-94) 
Mann-Whitney p = 0.49 p = 0.35 p = 0.0001 p = 0.70 
Regular surface 19 39 (8-67) 0.2 (0-2) 0.6 (0-5) 56 (31-92) 
Irregular surface 45 37 (5-55) 0.3 (0-3) 1.4 (0-10) 57 (6-94) 
Mann-Whitney p = 0.83 p = 0.36 p = 0.006 p = 0.96 
Mann-Whitney or Kruskai-Wallis (ANOVA) variance test. 
than the echo-r ich p laques.  Conversely ,  this g roup  
found that f ibrous t issue const i tuted more  than 80% 
of p laques  character ised as echo-r ich on u l t rasound 
w i th  a sensi t iv i ty  of 94% and a specif ic i ty of 67%. 
Recently, measur ing  the p laque echogenic i ty  by  com- 
puter  analysis,  E1-Barghouty et al. 16 d iscovered  that 
content  of soft t issue ( l ip id and  haemorrhage)  was  
assoc iated w i th  a low grey  scale med ian  value.  Con-  
versely,  a h igh f ibrous t issue content  was  assoc iated 
w i th  a h igh  grey  scale value.  A new f ind ing in the 
present  s tudy  was  that the amount  of haemorrhage  in 
the p laque  was  direct ly  re lated to the content  of l ip id  
and  inverse ly  re lated to the amount  of f ibrous tissue. 
This suppor ts  the theory  of p laque  rupture ,  p roposed  
by  Fuster  17 and  Falk  18'19 in wh ich  soft l ip id- r ich p laques  
covered w i th  a thin f ibrous cap are more  prone  to 
rupture .  This leads to in t rap laque  haemorrhage ,  wh ich  
may result  in fo rmat ion  of an in t ra lumina l  thrombus ,  
eventua l ly  lead ing to occlus ion or per iphera l  em- 
bol isat ion.  However ,  we  d id  not  f ind any thrombus  
in this invest igat ion and  could therefore not  conf i rm 
this theory. Another  theory  of in t rap laque  haem-  
orrhage is that  of b leed ing  f rom vasa vasorum in the 
med ia  layer of the artery. 2° This k ind  of b leed ing  could  
theoret ica l ly  be enhanced by  the use of asp i r in  or 
warfar in.  However ,  we d id  not  f ind any assoc iat ion 
between in t rap laque haemorrhage  and the usage of 
these drugs.  
The present  s ignif icant corre lat ion between l ip id  
and haemorrhage  was  not  found in the prev ious  mul t i -  
centre study. ~° A reason for this cou ld  be var iab i l i ty  
in the def in i t ion of haemorrhage  among patho log is ts  
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Fig. 3. Scatterplot showing the correlation between relative amount 
of haemorrhage (%) plotted against lipid content (%) of the plaque. 
Spearmans R=0.43 and p<0.0001. Dotted lines indicate the 95% 
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Fig. 4. Bland and Altman intraobserver variability plot. 24 The mean 
value of the two measurements of haemorrhage is plotted at the 
abscissa (%). The difference between the two measurements is een 
as the ordinate (%). The dotted lines indicate _+2 SD, which equals 
95% of the observations. 
from different centres. Because the presence of haem- 
orrhage in the present study relies on the findings of 
erythrocytes, confusion with other plaque components 
is unlikely. On average, 0.2% (maximum 4%) of the 
plaque-area was occupied by haemorrhage, which was 
identified in 70% of all the plaques. The same limited 
content of haemorrhage was found in other studies 
using the same pathological definitions: Leen et al. 2~ 
found haemorrhage present in 68% of plaques, but in 
half it occupied less than 1%. Bassiouny et al. 22 iden- 
tified haemorrhage in 68% of the symptomatic plaques, 
comprising on average 2.5% of the plaque area. Some 
plaques were markedly heterogeneous, with adjacent 
areas of various composition. The circumscription of 
the plaque with a lightpen on a computer screen was 
in these cases difficult and introduced a source of 
variation. Nevertheless, the intraobserver variability 
study for the present method of pathological ex- 
amination revealed an acceptable reproducibility. 
A number of factors influence the ultrasound ex- 
amination, e.g. acoustic shadowing from the plaque, 
caused by calcification. Plaques with shadowing were 
grouped as echo-rich, which might be erroneous as 
echolucent areas could be hidden. A further diversity 
exists. The ultrasound evaluation is mainly based on 
longitudinal images of the carotid artery, whereas the 
morphometry is based on transverse sections. Also, 
ultrasound scanning of the carotid artery is com- 
plicated by refraction and damping of the ultrasound 
beams by the overlying tissue (muscle, fat and skin). 
Because patients have different anatomy, similar 
plaques may appear different in two patients. Finally, 
intraobserver variability of classification of plaques 
may affect the results. The method used for plaque 
characterisation was subjective, but all investigations 
were performed by the same investigators. Geroulakos 
et al. has found a good interobserver variability 
(kappa = 0.79), when two different observers evaluated 
the plaques from 70 carotid arteries and subjectively 
classified them into five groups based on echogenicity 
and structure. 6 This is in accordance with our own 
experience when two investigators examined 36 
patients with the present classification system 
(Kappa = 0.61). 23 In contrast o our previous findings, 
plasma lipids could not be related to plaque echo- 
genicity. 23 This might be explained by the heterogeneity 
of the group studied, as only 42 out of 63 patients 
had lipids measured in the fasting state. The plasma 
triglyceride values are most sensitive, whereas the 
cholesterol values do not seem to vary in response to 
a meal. Disregarding the 21 non-fasting subjects did 
not alter the result. However, the sample is much 
smaller than in our previous tudy, which consisted of 
84 patients. 23 In addition, our previous report included 
lipids measured after a fat load, which enhanced the 
difference. Therefore, we still believe that systematic 
factors play a role in plaque composition. 
Whether the lipid-rich plaques are associated with 
a higher risk of causing neurological symptoms was 
not addressed in the present study, as we did not 
operate on asymptomatic patients and therefore only 
included symptomatic patients. In a prospective study, 
Bock et aI. 8 found that echolucent plaques were sig- 
nificantly associated with an increased annual rate of 
neurological events as compared to echo-rich plaques. 
This is in concordance with a number of other re- 
ports. 4-7 In a recent paper by Hatsukami et al., however, 
no difference was found between the absolute volume 
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of materials by pathology and the symptomatic status 
of the patients. Plaque haemorrhage has previously 
been related to recent neurological symptoms 24 and 
the amount of soft tissue has been shown to be higher 
when the time-interval between eurological symp- 
toms and surgery was less than 3 months. 1°The latter 
finding could not be reproduced in the present study. 
However, there was an increase in calcification with 
increasing time between symptoms and surgery (p = 
0.01). We conclude that echolucent carotid plaques on 
B-mode ultrasonography are related to a higher lipid 
and to a lower fibrous tissue content as compared to 
echo-rich carotid plaques. The amount of intraplaque 
haemorrhage is directly correlated to lipid content and 
inversely correlated to fibrous tissue content. 
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